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7KLV SDSHU LQWURGXFHV DPHWKRGRORJ\ IRU WKH DVVHVVPHQW RI ULVNV GXH WR WUDIILF LQ URDGZD\ WXQQHOV 7KH SURSRVHG
PHWKRGRORJ\ XWLOL]HV %D\HVLDQ 3UREDELOLVWLF1HWZRUNV IRU WKH ULVN DVVHVVPHQW 7KHPHWKRGRORJ\ LV EDVHG RQ WZR
K\SRWKHVHVLHWKDWWKHURDGZD\WXQQHOFDQEHUHSUHVHQWHGE\DQXPEHURIKRPRJHQHRXVVHJPHQWVDQGWKDWWKHULVNV
DVVRFLDWHGZLWKDJLYHQVHJPHQWFDQEHUHSUHVHQWHGWKURXJKDVHWRI.H\3HUIRUPDQFH,QGLFDWRUV.3,
7KH.3,VDUHWKHREVHUYDEOHFKDUDFWHULVWLFVRIWKHWXQQHODQGWKHWUDIILFVXFKDVWKHDQQXDODYHUDJHGDLO\WUDIILFWKH
QXPEHU RI ODQHV SRVVLEOH WUDIILF VHSDUDWLRQ ZLGWK FXUYDWXUH DQG JUDGLHQWV 7KH ULVN LV FDOFXODWHG LQ WHUPV RI
H[SHFWHGQXPEHURIDFFLGHQWVLQMXULHVIDWDOLWLHVDQGWXQQHOILUHVRYHUWKHHQWLUHWXQQHOOHQJWKIRUERWKQRUPDOWUDIILF
HYHQWVDQGGDQJHURXVJRRGVHYHQWV7KHGHSHQGHQFLHVDQGWKHFRQGLWLRQDOSUREDELOLWLHVLQWKH%D\HVLDQ3UREDELOLVWLF
1HWZRUNVDUHEDVHGRQWKUHHJHQHUDOSLOODUVLHGDWDPRGHOVSXEOLVKHGLQOLWHUDWXUHDQGH[SHUWRSLQLRQ
7KLVQHZDSSURDFKDOORZV WDNLQJ LQWRDFFRXQWGLIIHUHQW VSHFLILF FKDUDFWHULVWLFVRI WKH WXQQHODQG WKXV WKH ULVNRID
FRPSOH[WXQQHOV\VWHPFDQHDVLO\EHFDOFXODWHG7KH%D\HVLDQ3UREDELOLVWLF1HWZRUNVDUHHPEHGGHGLQWRD0LFURVRIW
([FHO(QYLURQPHQWVRWKDWWKHULVNDQDO\VLVFDQHDVLO\EHSHUIRUPHG7KHPHWKRGRORJ\LVJHQHULFUHSUHVHQWVWKHEHVW
SUDFWLFHLQWKHILHOGRIULVNDVVHVVPHQWDQGWXQQHOUHVHDUFKLVUHDOL]DEOHDQGHDV\WRXVHLVWUDQVSDUHQWVXSSRUWVWKH
GHFLVLRQPDNLQJSURFHVVDQGLVPRGXODUVRWKDWLWFDQEHDGRSWHGWRIXWXUHILQGLQJV

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI75$

.H\ZRUGV%D\HVLDQ3UREDELOLVWLF1HWZRUNV7XQQHO5LVN$VVHVVPHQW'HFLVLRQ0DNLQJ$FFLGHQW0RGHOOLQJ
,QWURGXFWLRQ
7XQQHOV FRQVWLWXWH QRZDGD\V DQ LPSRUWDQW FRPSRQHQW RI DQ HIILFLHQW LQIUDVWUXFWXUH :KHUHDV WKH
SXUSRVH RI WXQQHOV LV WR IDFLOLWDWH UHOLDEOH DQG HIILFLHQW WUDQVSRUW LQ UHVSHFW RI XUEDQ DQG QDWXUDO
HQYLURQPHQWWKHWXQQHOVDIHW\UHPDLQVDQLVVXHRIPDMRUFRQFHUQ&RQVHTXHQWO\WKHWRSLFRIWXQQHOVDIHW\
FRQVWLWXWHVDQLPSRUWDQWGHFLVLRQFULWHULRQIRUWKHSODQQLQJRIQHZWXQQHOVDVZHOOIRUWKHPDQDJHPHQWRI
H[LVWLQJWXQQHOV:KHQVWULYLQJIRUVDIHW\LQURDGWXQQHOVWKHUHLVDQHHGIRUDUDWLRQDODQGFRQVLVWHQWEDVLV
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IRUGHFLVLRQPDNLQJFRQFHUQLQJVDIHW\DQGPHWKRGVZKLFKIDFLOLWDWHWKDWOLIHVDIHW\ULVNFDQEHDVVHVVHG
GRFXPHQWHGDQGFRPPXQLFDWHGWUDQVSDUHQWO\
,QWKHODVWGHFDGHVDVLJQLILFDQWGHYHORSPHQWKDVWDNHQSODFHLQWKHDUHDRIV\VWHPDWLFULVNDVVHVVPHQW
1HZIRUPXODWLRQVKDYHEHHQGHYHORSHGDQGVWDQGDUGL]HGE\HJWKH-RLQW&RPPLWWHHRQ6WUXFWXUDO6DIHW\
-&66 0RGHUQ ULVN DVVHVVPHQW SURYLGHV D FRQVLVWHQW EDVLV IRU VXSSRUWLQJ GHFLVLRQV RQ WXQQHO ULVN
PDQDJHPHQW2QWKLVEDVLV LW LVSRVVLEOHWRLPSURYHWKHXQGHUVWDQGLQJRQZKLFKIDFWRUVDUHGRPLQDWLQJ
WKH ULVNVDQGE\ZKLFKPHDVXUHV WKH ULVNVPD\EHHIILFLHQWO\ UHGXFHG WKLVFRQFHUQVERWK WHFKQLFDODQG
RUJDQL]DWLRQDOPHDVXUHV
7KHVDIHW\RIWKHWXQQHOVLQ(XURSHZDVLQFUHDVLQJO\TXHVWLRQHGLQWKHODWHSDUWRIWKH¶LHVRQWKH
EDFNJURXQG RI WKH IDWDO WXQQHO FDWDVWURSKHV LQ WKH&KDQQHO7XQQHO 0RQW%ODQF7XQQHO 
7DXHUQ7XQQHO*OHLQDOP7XQQHODQG*RWWKDUG7XQQHODPRQJRWKHUV7KHVHPDMRU
DFFLGHQWVUHVXOWHGLQPRUHWKDQIDWDOLWLHVDQGVHULRXVLQMXUHGDQGJDYHDVLJQDOZLWKLQ(8WRLQLWLDWH
D QXPEHU RI FRPPRQ SURMHFWV LQ RUGHU WR VXUYH\ WKH VKRUWFRPLQJV DQG SUREOHP DQG XSJUDGH H[LVWLQJ
WXQQHOV LQ(XURSH7KHSURMHFWVZHUH LQLWLDWHG LQ WKHSHULRGDQGZHUHFRQFOXGHG
DOVR 1RUZD\ DQG 6ZLW]HUODQG SDUWLFLSDWHG DFWLYHO\ LQ WKHVH SURMHFWV VHH DQ RYHUYLHZ LQ $SSHO HW DO
DQG(562(&'3,$5&'$576),7837819LUWXDO)LUHV6DIHWXQQHO6LUWDNL6DIH7HWF
2Q WKHEDFNJURXQGRI WKHSXEOLF FRQFHUQ DQG WKH UHVXOWV RI WKH UHVHDUFKSURMHFWV WKH(8 LVVXHG WKH
'LUHFWLYH (& RI WKH (XURSHDQ 3DUOLDPHQW DQG RI WKH &RXQFLO RI  $SULO  RQ0LQLPXP
6DIHW\ 5HTXLUHPHQWV IRU 7XQQHOV LQ WKH 7UDQV(XURSHDQ 5RDG1HWZRUN (XURSHDQ3DUOLDPHQW 
$PRQJDQXPEHURISUHVFULSWLYHPLQLPXPUHTXLUHPHQWVWKHGLUHFWLYHDOVRVSHFLILHVULVNDQDO\VLVLQRUGHU
WRYDOLGDWHDQGVXEVWDQWLDWHWKHWXQQHOGHVLJQ
,QRUGHUWRFRRUGLQDWHDQGKDUPRQL]HWKHGHYHORSPHQWVWKH'LUHFWLYH(&LQYLWHVWKHQDWLRQDO
URDGGLUHFWRULHVRIDOO(8PHPEHUVWDWHVDQGDVVRFLDWHGFRXQWULHVOLNH6ZLW]HUODQGDQG1RUZD\WRUHSRUW
RQWKHLUPHWKRGRORJLHVIRUDVVHVVLQJULVNLQURDGWXQQHOV,WLVZLWKWKLVEDFNJURXQGWKDWWKHFRRSHUDWLRQ
EHWZHHQWKHIHGHUDOURDGDXWKRULWLHVRI6ZLW]HUODQG)('52DQG1RUZD\135$ZDVLQLWLDWHGDLPLQJ
DW GHYHORSLQJ D MRLQW ³EHVW SUDFWLFH´PHWKRGRORJ\ DQG D FRUUHVSRQGLQJ WRRO IRU WKH ULVN DVVHVVPHQW RI
WXQQHOV$VRIWZDUHWRROZDVGHYHORSHGZKLFKWDNHVEDVLVLQWKHSURSRVHGPHWKRGRORJ\7KLVWRROLVFDOOHG
75$16,7 7KH SUHVHQW SDSHU GHVFULEHV WKH PHWKRGRORJ\ DQG SUHVHQWV EULHIO\ WKH DSSOLFDWLRQ RI WKH
PHWKRGRORJ\
6WDWHRIWKHDUWLQWKHWXQQHOULVNDVVHVVPHQW
7KHILQGLQJVLQWKHDERYHPHQWLRQHG(XURSHDQUHVHDUFKSURMHFWVIRUPWKHEDVLVIRUWKHGHYHORSPHQWRI
D XQLIRUP PHWKRGRORJ\ ZKLFK UHSUHVHQWV WKH EHVW SUDFWLFH LQ ILHOG RI WXQQHO ULVN DVVHVVPHQWV $V
PHQWLRQHGEHIRUHWKHUHVXOWVRIWKHVHSURMHFWVZHUHDOVRSDUWO\WKHEDVLVIRUWKH(8GLUHFWLYH
7KHWKHRUHWLFDOIRXQGDWLRQXVHGIRUWKHULVNDVVHVVPHQWIRUWKLVSURMHFWKDVEHHQGHYHORSHGE\WKH-&66
7KH UHVXOWV RI WKH -&66SURMHFW KDYHEHHQ IROORZHGXS LQ WKHSURMHFW)DEHU HW DO  DQG D
PHWKRGRORJ\IRUDQXQLIRUPULVNDVVHVVPHQWIRUWKH6ZLVVURDGQHWZRUNZDVGHYHORSHG7KHODWWHUSURMHFW
IRUP WKH IUDPHZRUNDQGSUHFRQGLWLRQ IRUDQHIILFLHQW WUDQVSDUHQWDQGFRPPXQLFDEOH WUHDWPHQWRI ULVNV
DQG WKH\ IDFLOLWDWH WKDW ULVNV IURPGLIIHUHQW VRXUFHVDUH WUHDWHG LQ WKH VDPHPDQQHUDQG DVVHVVHGRQ WKH
VDPH EDVLV VR WKDW WKH\ DUH FRPSDUDEOH PD\ EH DJJUHJDWHG DQG WUDQVSDUHQWO\ GRFXPHQWHG DQG
FRPPXQLFDWHG
3,$5& KDV EHHQ RQH RI WKH PDLQ LQLWLDWRUV IRU SURPRWLQJ VDIHW\ LQ WXQQHOV DQG KDV DPRQJ RWKHUV
LQLWLDWHGWKH(56SURMHFWLQFROODERUDWLRQZLWK2(&'IRUKDUPRQL]LQJWKHULVNDQDO\VLVDQGUHJXODWLRQRI
WUDQVSRUWRIGDQJHURXVJRRGV7KLV WRSLFKDVEHHQ UDWLILHGE\81(&(DQG WKH$'5SUHVFULEHV WKH ULVN
DQDO\VLVPHWKRGRORJ\ IRU GHWHUPLQLQJ ILYH SUHGHILQHG JURXSV RI UHVWULFWLRQV IRU WUDQVSRUW RI GDQJHURXV
JRRGVWKURXJKURDGWXQQHOV
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,QWKHUHSRUW3,$5&&5LVN$QDO\VLVIRU5RDG7XQQHOV3,$5&3,$5&KDVIROORZHGXSRQ
WKHULVNDQDO\VLVPHWKRGVXVHGLQ(XURSH
,QWKHUHSRUWLVPHQWLRQHGWKDWWKHIROORZLQJFRXQWULHVKDYHVHYHUDO\HDUVH[SHULHQFHLQDSSOLFDWLRQRI
ULVN DQDO\VHV &DQDGD )UDQFH 8QLWHG .LQJGRP 7KH 1HWKHUODQGV 1RUZD\ 6ZHGHQ DQG 86$
)XUWKHUPRUHLWLVVWDWHGWKDWWKHIROORZLQJFRXQWULHVDUHLQWKHVWDJHRIGHYHORSLQJDQGLPSOHPHQWLQJQHZ
PHWKRGRORJLHV IRU ULVN DQDO\VLV $XVWULD &]HFK 5HSXEOLF 'HQPDUN *HUPDQ\ ,WDO\ 3RUWXJDO DQG
6ZLW]HUODQG
6HYHUDOPHWKRGRORJLHV DQG WRROV IRU WKH ULVN DVVHVVPHQW LQ URDGZD\ WXQQHOV H[LVW DOUHDG\7KHPRVW
FRPPRQ DUH 7X5LV0R $XVWULD 7X6L 1RUZD\ %$6W PRGHO *HUPDQ\ +47XQ5LVN
7XQ3ULP5:645$1HWKHUODQG45$0 2(&'±3,$5&DQG$675$$'56ZLW]HUODQG
$OO WKHVH PHWKRGRORJLHV KDYH WKHLU DGYDQWDJHV LQ VSHFLILF ILHOGV $ UHYLHZ DQG DQDO\VLV RI WKHVH
PHWKRGRORJLHV KDV VKRZQ WKDW WKH UHTXLUHPHQWV ZLWK UHJDUG WR WKH PRGHOLQJ RI VSHFLILF HYHQWV HJ
DFFLGHQWVDQGILUHQHLWKHUIURPWKH'LUHFWLYH(&RIWKH(XURSHDQ3DUOLDPHQWQRUIURP)('52
DQG135$DUH IXOO\PHW+RM DQG+RUQ 7KHPHWKRGRORJLHV IDLO WRPRGHO DOO HYHQWV RU UHOHYDQW
LQGLFDWRUV DUH QRW FRQVLGHUHG $QRWKHU DVSHFW LV WKDW LQ VRPH PHWKRGRORJLHV WKH OHYHO RI GHWDLO LV QRW
VXIILFLHQWIRUWKHUDQNLQJRIGLIIHUHQWGHFLVLRQDOWHUQDWLYHVWRUHGXFHWKHULVN


)LJ3RWHQWLDORIGLIIHUHQWDYDLODEOHPRGHOVIRUWKHWXQQHOULVNDVVHVVPHQW
7KHDYDLODEOHPRGHOVKRZHYHU DUH IDU IURPDXQLIRUPPHWKRGRORJ\ WRDVVHVV ULVNV LQ URDG WXQQHOV
([LVWLQJDQDO\VLVPHWKRGVYDU\LQWKHLUDSSURDFKWKHRUHWLFDOEDVLV WKHLUDLPDQGLQWKHLU OHYHORIGHWDLO
+RMDQG+RUQ
$SURSHUYDOLGDWLRQRIWKHPHWKRGVFDQRQO\EHXQGHUWDNHQE\FRPSDULQJWKHSUHGLFWLRQVRIULVNVZLWK
UHDOREVHUYHGFRQVHTXHQFHV7KLVLVDGLIILFXOWWDVNHVSHFLDOO\IRUUDUHHYHQWVDQGLQSULQFLSOHDOOPRGHOV
VXIIHUIURPWKLVIDFW+RZHYHULWFDQEHFKHFNHGLIWKHDVVXPSWLRQVZKLFKDUHPDGHLQWKHGHYHORSPHQWRI
WKHPRGHOFDQUHSUHVHQWWKHUHDOLW\LQDVXIILFLHQWPDQQHUDQGLIDOOUHOHYDQWLQGLFDWRUVDUHFRQVLGHUHGWR
VXSSRUWWKHGHFLVLRQPDNLQJ7KLVDOVRFRQFHUQVLPSOLFLWDVVXPSWLRQVZKLFKDUHPDGHE\XVLQJHYHQWWUHHV
VXFKDV0DUNRYLDQDVVXPSWLRQVDQGWKHDVVXPSWLRQVRILQGHSHQGHQFHRIGLIIHUHQWHYHQWV7KHVHDVSHFWV
DSSO\WRDOOPRGHOVDQGDSSURDFKHV±DQGDOVRWRWKHPRGHOZKLFKLVSUHVHQWHGLQWKLVSDSHUDQGZLOOEH
GHVFULEHGLQWKHIROORZLQJVHFWLRQV
%D\HVLDQ,QIHUHQFH0RGHO
7KHJHQHUDODSSURDFKXWLOL]HG LQ75$16,7GLIIHUV VLJQLILFDQWO\ IURP WKHDSSURDFKXVHG LQ WKHRWKHU
PRGHOV PHQWLRQHG DERYH 7KH PDMRU GLIIHUHQFH LV WKDW WKH V\VWHP LV PRGHOHG DQG DQDO\]HG E\ XVLQJ
%D\HVLDQ 3UREDELOLVWLF 1HWZRUNV %31¶V ZKLFK UHVXOWV LQ D KLHUDUFKLFDO LQGLFDWRU EDVHG ULVN PRGHO
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6LPSOLILHG%31¶VFDQEHFRQVLGHUHGDVDQDGYDQFHPHQWRIHYHQW WUHHV7KH\SURYLGH WKHSRVVLELOLW\ WR
IXOO\ UHSUHVHQW HYHQW WUHHVEXW DOVRGHSHQGHQFLHVEHWZHHQ GLIIHUHQW LQGLFDWRUV DQG FRQVHTXHQFHV FDQEH
FRQVLGHUHG7KH\DUHHIILFLHQW LQ UHJDUG WR WKHJUDSKLFDO UHSUHVHQWDWLRQRIFRPSOH[V\VWHPVVR WKDW WKH\
IDFLOLWDWHWRPDNHSODXVLELOLW\FKHFNVLQUHJDUGWRFDXVDOUHODWLRQVEHWZHHQGLIIHUHQWLQGLFDWRUV
%D\HVLDQ 3UREDELOLVWLF 1HWZRUNV %31 KDYH EHHQ GHYHORSHG LQ WKH PLG RI WKH LHV ZLWK WKH
PRWLYDWLRQ WR GHDOZLWK LQIRUPDWLRQ IURPGLIIHUHQW VRXUFHV DQG LQWHUSUHW DQG HVWDEOLVK FRKHUHQWPRGHOV
3HDUO 7RGD\%D\HVLDQ1HWZRUNV DUHZLGHO\ XVHG LQ V\VWHPVZLWK DUWLILFLDO LQWHOOLJHQFH H[SHUW
V\VWHPV IRU GLDJQRVLQJ GLVHDVHV .DKQ HW DO  EXW DOVR LQ WKH HQJLQHHULQJ VHFWRU DQG LQ QDWXUDO
KD]DUGVPDQDJHPHQW6FKXEHUWHWDO7KH\DUHXVHGGXHWRWKHLUIOH[LELOLW\DQGHIILFLHQF\LQUHJDUG
WRV\VWHPUHSUHVHQWDWLRQ
*HQHULFULVNUHSUHVHQWDWLRQ
7KHURDGWXQQHOXVHUVDUHH[SRVHGWRYDULRXVULVNVZKLFKKDYHGLIIHUHQWFDXVHV7KHODUJHVWFRQWULEXWRU
WR WKH ULVN LV FROOLVLRQV DQG RWKHU W\SHV RI ³QRUPDO WUDIILF DFFLGHQWV´ )LUH HYHQWV DV FRQVHTXHQFH RI
DFFLGHQWVRUGXHWRWHFKQLFDOSUREOHPVZLWKHQJLQHRUEUDNHVDUHDOVRHYHQWVZKLFKPXVWEHFRQVLGHUHGLQ
URDG WXQQHO ULVNDVVHVVPHQWV)LQDOO\ UDUHHYHQWVZLWKSRWHQWLDO ODUJHFRQVHTXHQFHV VXFKDVHYHQWVZLWK
GDQJHURXVJRRGVWUDQVSRUWVPXVWEHFRQVLGHUHGDVZHOO
,QJHQHUDOULVNWRXVHUVLQWKHWXQQHOKDVWREHFRQVLGHUHGLQERWKWKHSODQQLQJSKDVHDQGGXULQJWKH
RSHUDWLRQDO SKDVH RI WXQQHOV VLQFH ULVNV FDQ HIILFLHQWO\ EH UHGXFHG E\ WHFKQLFDO DQG RUJDQL]DWLRQDO
PHDVXUHV7ZRGLIIHUHQWFODVVHVRIPHDVXUHVFDQEHGLIIHUHQWLDWHGRQHFODVVFRQFHUQVWKHUHGXFWLRQRIWKH
H[SRVXUHLHWKHUHGXFWLRQRIWKHDFFLGHQWVDQGILUHIUHTXHQF\7KHRWKHUFODVVFRQFHUQVWKHUHGXFWLRQRI
WKH FRQVHTXHQFHVZKHQ D ILUH RU DQ DFFLGHQW RFFXUV 7KHPDLQ FULWHULRQ LQ WKH SODQQLQJ SKDVH RI VXFK
PHDVXUHVLVWKHFRVWHIILFLHQF\RIWKHPHDVXUHV,QRUGHUWRMXGJHWKHHIILFLHQF\RIPHDVXUHVWKHLQIOXHQFH
RIWKHPHDVXUHRQWKHULVNKDVWREHTXDQWLILHG
$ NH\ IHDWXUH RI WKLVPHWKRGRORJ\ LV WKDW WKH XQFHUWDLQWLHV DQG WKH GHSHQGHQFLHV RI WKH SDUDPHWHUV
ZKLFKDUHH[SOLFLWO\FRQVLGHUHG IRU WKHPRGHOLQJRIHYHQW IUHTXHQFLHVDQGFRQVHTXHQFHV DUHTXDQWLILHG
DQG DFFRXQWHG IRU 7KH V\VWHP FRQVWLWXHQWV DUH PRGHOHG XVLQJ VR FDOOHG .H\ 3HUIRUPDQFH ,QGLFDWRUV
.3,ZKLFKFDQUHSUHVHQWWKHV\VWHPLQDJHQHULFPDQQHU LHDOOSRVVLEOHFRQILJXUDWLRQVRI WKHV\VWHP
FDQEHUHSUHVHQWHGE\XVLQJDQDSSURSULDWHFKRLFHRIWKHLQGLFDWRUV
)URPWKLVGHILQLWLRQLWLVFOHDUWKDWWKHFKRLFHRIWKHLQGLFDWRUVSOD\VDPDMRUUROHLQWKHULVNDVVHVVPHQW
DQGRIFRXUVHDQ\FKRLFHFDQQRWEHH[KDXVWLYH7KH(XURSHDQ3DUOLDPHQWVXJJHVWVDPLQLPXPOLVW
RI LQGLFDWRUV WKHVH DUH GHVLJQ IDFWRUV DQG WUDIILF FRQGLWLRQV WKDW DIIHFW VDIHW\ QRWDEOH WUDIILF
FKDUDFWHULVWLFV DQG W\SH WXQQHO OHQJWK DQG WXQQHOJHRPHWU\ DVZHOO DV WKH IRUHFDVWHGQXPEHURI KHDY\
JRRGV YHKLFOHV SHU GD\ 7KHVH .H\ 3HUIRUPDQFH ,QGLFDWRUV FDQ EH XVHG WR HVWDEOLVK D JHQHULF V\VWHP
UHSUHVHQWDWLRQIRUDULVNPRGHOIRUDJHQHULFWXQQHOVHJPHQW
7KHULVNPRGHOIRUWKHVHJPHQWLVJHQHULFWKDWPHDQVWKDWRQHULVNPRGHOIRUDOOSRVVLEOHFKDUDFWHULVWLFV
LQDWXQQHOLVXVHG7KHPRGHOEHFRPHVVSHFLILFE\LQWURGXFLQJHYLGHQFHRQVSHFLILFSDUDPHWHUVVXFKDV
DQQXDODYHUDJHGDLO\WUDIILF$$'7WKHIUDFWLRQRIKHDY\JRRGVYHKLFOHHWFLQWKHPRGHODQGE\
SHUIRUPLQJLQIHUHQFHFDOFXODWLRQV
)RUDVSHFLILFWXQQHOVHJPHQWVRPHRUDOORIWKHFRQVLGHUHG.3,¶VDUHNQRZQDQGWKLVNQRZOHGJHFDQ
EHWUDQVIHUUHGLQWKHPRGHOE\LQWURGXFLQJHYLGHQFHLQWKHJHQHULFPRGHO,QWKLVVHQVHWKHPRGHOEHFRPHV
VSHFLILFIRUWKLVVSHFLILFVHJPHQWVHH)LJ7KHVDPHJHQHULFPRGHOFDQEHXVHGWRFDOFXODWHWKHULVN
XQGHUGLIIHUHQW FRQGLWLRQV7KH ULVN FDQEH FDOFXODWHG IRU HDFK VLQJOH VHJPHQW DVZHOO DV IRU WKH HQWLUH
WXQQHO6HJPHQWVZLWKKLJKHUULVNLQWKHWXQQHOFDQEHLGHQWLILHGDQGVSHFLILFULVNUHGXFLQJPHDVXUHVIRU
WKHVHVHJPHQWVFDQEHLGHQWLILHG

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
)LJ,OOXVWUDWLRQRIWKHJHQHULFV\VWHPUHSUHVHQWDWLRQ
%D\HVLDQ1HWZRUNVIRUDFFLGHQWVILUHVDQGGDQJHURXVJRRGVDFFLGHQWV
7KHULVNPRGHOLVHVWDEOLVKHGE\HPSOR\LQJ%D\HVLDQ3UREDELOLVWLF1HWZRUNV7KH%31GHYHORSHGIRU
DFFLGHQWVDQGILUHVLQWXQQHOLVVKRZQLQ)LJ,WFRQWDLQVQRGHVDQGOLQNV(DFKQRGHUHSUHVHQWVDQ
LQGLFDWRUZKHUHDV VRPHRI WKH LQGLFDWRUVDUHREVHUYDEOH 2 VRPH LQGLFDWRUVDUH ORJLFDOREVHUYDEOH ,
DQGVRPHLQGLFDWRUVDUHORJLFDOQRQREVHUYDEOH*7KHQRGHVGHQRWHGZLWK5DUHWKHRXWFRPHRIWKH
QHWZRUN7KH OLQNVEHWZHHQ WKHQRGHV UHSUHVHQW WKH UHODWLRQEHWZHHQ WKHQRGHV7KLV UHODWLRQ FDQEH D
SUREDELOLVWLF RU GHWHUPLQLVWLF IXQFWLRQ RU D IXQFWLRQ HVWLPDWHG E\ H[SHUW RSLQLRQ (DFK RI WKH QRGHV
FRQWDLQVDGLIIHUHQWQXPEHURIVRFDOOHGVWDWHV7KHVHVWDWHVUHSUHVHQWWKHGLIIHUHQWSRVVLEOHFKDUDFWHULVWLFV
RIWKHQRGHZKLFKFDQEHREVHUYHGLQUHDOLW\7KHQRGHQXPEHURIODQHVFRQWDLQVWDWHVLHRQHODQHWZR
ODQHVDQGWKUHHODQHVSHUGLUHFWLRQ
2QHNHUQHOQRGHLQWKHQHWZRUNVKRZQLQ)LJLVWKHQRGH$0)7KLVQRGHUHSUHVHQWVWKHDFFLGHQW
PRGLILFDWLRQIDFWRU$0)7KHK\SRWKHVLVLVPDGHWKDWWKHDYHUDJHDFFLGHQWUDWHFDQEHFDOFXODWHGRYHU
WKHHQWLUHWXQQHOQHWZRUNLQRQHFRXQWU\8QGHUGLIIHUHQWFLUFXPVWDQFHVWKLVDFFLGHQWUDWHPLJKWEHKLJKHU
RU VPDOOHU WKDW WKH DYHUDJH UDWH 7KH$0) UHSUHVHQWV WKH GLIIHUHQFH RI WKH DFFLGHQW UDWH LQ D VSHFLILF
VHJPHQWIURPWKHPHDQYDOXHRIDOOH[LVWLQJVHJPHQWVLQWKHHQWLUHURDGQHWZRUN
,I LWZDVSRVVLEOHWRREVHUYHGLUHFWO\WKHGLIIHUHQWLQGLFDWRUVLQWKHGDWDDFTXLVLWLRQ WKHXVHRI$0)
ZRXOGEHREVROHWH7KLVZRXOGPHDQGHGLFDWHG VWDWLVWLFV IRU DOO FRPELQDWLRQVRI WUDIILF WXQQHO OD\RXW
JHRPHWU\WXQQHOHTXLSPHQWHWF
6LQFH WKH WXQQHO GHVLJQV DUH WRR GLYHUVH DQG WKH DFFLGHQWV LQMXULHV DQG IDWDOLWLHV DUH WRR LQIUHTXHQW
VXFK VWDWLVWLFV FDQKDUGO\EH HVWDEOLVKHG IRU DOO FRPELQDWLRQV7KH FRQFHSW RI DQ DFFLGHQWPRGLILFDWLRQ
IDFWRU $0) KDV WKH FOHDU DGYDQWDJH WKDW WKH PRGHOV FDQ EH XVHG DQG WKH UHVXOWV EH H[WUDSRODWHG WR
FRQGLWLRQVZKLFKDUHQRWGLUHFWO\REVHUYDEOH7KH$0)LVDQRUPDOL]HGIXQFWLRQRIRQHRUPRUHLQGLFDWRUV
L  LH    Q$0) I L L ZLWK D GHILQLWLRQ UDQJH RI >  @ 7KH $0) DUH DVVHVVHG ZLWK GLIIHUHQW
PHWKRGVDQGPRGHOVIRUWKHGLIIHUHQWFRQVLGHUHGLQGLFDWRUV
7KH%D\HVLDQ1HWZRUNWRPRGHOGDQJHURXVJRRGVHYHQWVLQWKHWXQQHOLVVKRZQLQ)LJ7KLVQHWZRUN
FDQHDVLO\EHVLPSOLILHGIRUWKHSXUSRVHRILOOXVWUDWLRQ,IRQHQHJOHFWVDOOULVNLQGLFDWRUVGHVFULELQJWKHVLWH
DQGREMHFWVSHFLILFFKDUDFWHULVWLFVLHDOO³2´QRGHVWKHQWKHPDLQQRGHKDVWKHQDPH'DQJHURXV*RRGV
,QFLGHQW 7KLV QRGH FRQWDLQV DOO UHOHYDQW DQG UHSUHVHQWDWLYH HYHQWV DQG WKH UDWHV SHU YHKLFOH NLORPHWHU
VSHFLILHGE\3,$5&)URPWKLVQRGH WKUHHJHQHUDO OLQNVJR WR WKH WKUHHSULQFLSOHKD]DUGV LHSRRO ILUH
H[SORVLRQDQG WR[LFHYHQWV*LYHQD VSHFLILFSULQFLSOHHYHQWDQGJLYHQ WKH VSHFLILFFKDUDFWHULVWLFVRI WKH
.3,¶VWKHH[SHFWHGQXPEHURIIDWDOLWLHVDQGLQMXULHVFDQEHFDOFXODWHG

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)LJ%D\HVLDQQHWZRUNIRUDFFLGHQWVDQGILUHHYHQWVGXHWRJHQHUDOWUDIILFFRQGLWLRQV
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)LJ%D\HVLDQQHWZRUNIRUGDQJHURXVJRRGVHYHQWV
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6RIWZDUHWRRO7UDQVLW
,Q WKH VHFWLRQV EHIRUH D JHQHUDO PHWKRGRORJ\ IRU WKH ULVN DVVHVVPHQW LQ WXQQHO LV GHVFULEHG 7KLV
PHWKRGRORJ\LVTXLWHFRPSOH[DQGFDOFXODWLRQE\KDQGFDQKDUGO\EHHQSHUIRUPHGHYHQWKRXJKLWZRXOG
EHWKHRUHWLFDOO\SRVVLEOH7KHPHWKRGRORJ\ZDVWKHUHIRUHLPSOHPHQWHGLQDVRIWZDUHWRRO7KH%D\HVLDQ
1HWZRUNVDUHSURJUDPPHGLQWKHVRIWZDUH*H1LH6PLOHVHHKWWSJHQLHVLVSLWWHGX
7KH VRIWZDUH WRRO IRU WKH XVHU LQWHUIDFH LV GHYHORSHG LQ D0LFURVRIW([FHO  HQYLURQPHQW DQG LV
SURJUDPPHG LQ0LFURVRIW9LVXDO %DVLF XVLQJ WKH RSHUDWLQJ V\VWHP 26:LQGRZV ,W FDQ EH XVHG LQ
0LFURVRIW2IILFH([FHODQG0LFURVRIW2IILFH([FHO
7KHVRIWZDUHLVVWUXFWXUHGLQDZD\ZKLFKFDQEHGHHPHGDVWKHFXUUHQWEHVWSUDFWLFHLQULVNPRGHOOLQJ
VHH HJ )DEHU HW DO  7KH ULVN DQDO\VLV FRQGXFWHG E\ XVLQJ WKH VRIWZDUH LQFOXGHV WKH IROORZLQJ
VWHSV
x 'HILQLWLRQRIWKHV\VWHP
x 'HILQLWLRQRIULVNLQGLFDWRUVIRUHDFKVHJPHQWRIWKHWXQQHO
x (VWDEOLVKPHQWRIWKHKD]DUGPRGHO
x (VWDEOLVKPHQWRIWKHFRQVHTXHQFHPRGHO
x 5LVNDVVHVVPHQW
x 3UHVHQWDWLRQRIWKHUHVXOWV


)LJ,QSXWVKHHWIRUWKHWXQQHODQGWUDIILFFKDUDFWHULVWLFVIRUHDFKKRPRJHQHRXVVHFWLRQLQWKHWXQQHO
,Q WKH V\VWHPGHILQLWLRQPHUHO\SURMHFW VSHFLILF DVSHFWV FDQEHGHILQHG VXFK DV QDPHRI WKH WXQQHO
SURMHFWQDPHDQG\HDURIFRQVWUXFWLRQ7KHVHDVSHFWVDUHUHOHYDQWIRUGRFXPHQWDWLRQSXUSRVHV$OVRJOREDO
FKDUDFWHULVWLFV DUH GHILQHG 7KHVH DUH WKH OHQJWK RI WKH WXQQHO QXPEHU RI KRPRJHQRXV VHJPHQWV
YHQWLODWLRQV\VWHPDQGLIDPRQLWRULQJV\VWHPLVSUHVHQWLQWKHWXQQHO
,QWKHQH[WVSUHDGVKHHWWKHGHILQLWLRQRIWKHVSHFLILFFKDUDFWHULVWLFVRIHDFKVHJPHQWFDQEHHQWHUHGE\
WKHXVHU)LJ,IRQHRUPRUHLQIRUPDWLRQRQLQGLFDWRUVDUHPLVVLQJWKHXVHUFDQDOVRGHILQHWKDWWKLV
LQIRUPDWLRQLVQRWDYDLODEOH,QWKLVFDVHWKHFDOFXODWLRQLVSHUIRUPHGE\HPSOR\LQJWKHSULRUGLVWULEXWLRQ
IRU WKH VSHFLILF .3, $ VPDOOHU SDUW RI WKH LQSXW VSUHDGVKHHW LV VKRZQ LQ )LJ  ,Q WRWDO  .H\
3HUIRPDQFH ,QGLFDWRUV DUH FRQVLGHUHG DQG LQIRUPDWLRQ RI WKHVH LQGLFDWRUV VKRXOG EH FROOHFWHG IRU HDFK
WXQQHODQDO\VLV
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7KHLQIRUPDWLRQHQWHUHGE\WKHXVHULVWUDQVIHUUHGWRWKH%D\HVLDQ1HWZRUNDQGWKHULVNFDOFXODWLRQLQ
SHUIRUPHGLQWKH%D\HVLDQ1HWZRUN7KHUHVXOWLVDIWHUZDUGVWUDQVIHUUHGEDFNWRWKH([FHODQGGLVSOD\HG
7KHVRIWZDUHFDOFXODWHVWKH
x LQMXU\DFFLGHQWUDWHDQGWKHH[SHFWHGQXPEHURILQMXU\DFFLGHQWVWKH
x LQMXU\UDWHDQGWKHH[SHFWHGQXPEHURILQMXULHVGXHWRDFFLGHQWVWKH
x IDWDOLW\UDWHDQGWKHH[SHFWHGQXPEHURIIDWDOLWLHVGXHWRDFFLGHQWVWKH
x ILUHUDWHDQGWKHH[SHFWHGQXPEHURIWXQQHOILUHVDVZHOODVWKHH[SHFWHGQXPEHURILQMXULHVDQG
IDWDOLWLHVGXHWRILUHWKH
x H[SHFWHGQXPEHURIIDWDOLWLHVGXHWRGDQJHURXVJRRGVHYHQWVDQGWKH
x )1&XUYHIRUWKHIDWDOLWLHVGXHWRGDQJHURXVJRRGVHYHQWVLQWKHWXQQHO

$OO UHVXOWV DUH GLVSOD\HG JUDSKLFDOO\ DQG VKRZQ QXPHULFDOO\ LQ D VSUHDGVKHHW VHH )LJ  IRU DQ
H[DPSOH ,W FDQ EH VHHQ WKDW WKH DFFLGHQW UDWH YDULHV TXLWH VLJQLILFDQW RYHU WKH WXQQHO OHQJWK LQ WKLV
H[DPSOH7KLVLVGXHWRWKHGLIIHUHQWFKDUDFWHULVWLFVLQWKHWXQQHO,QWKHSRUWDO]RQHVWKHDFFLGHQWUDWHLVLQ
JHQHUDOKLJKHUWKDQLQWKHPLG]RQHRIWKHWXQQHO,QWKLVH[DPSOHDQH[LWUDPSLVSUHVHQWLQWKHWXQQHODQG
WKXVWKHWUDIILFYROXPHLVUHGXFHGLQWKHVHFRQGSDUWRIWKHWXQQHOVHHDOVR)LJ,WFDQEHVHHQWKDWLV
UHSUHVHQWHGE\WKHPHWKRGRORJ\2IFRXUVHGLIIHUHQWJUDGLHQWVKRUL]RQWDOUDGLXVDQGOLJKWFRQGLWLRQVRYHU
WKH WXQQHO OHQJWK KDYH DOVR DQ LQIOXHQFH RQ WKH DFFLGHQW UDWH DQG RQ WKH IDWDOLW\ UDWH VHH )LJ  7KH
UHSUHVHQWDWLRQ RI WKH UHVXOW RYHU WKH WXQQHO OHQJWK FDQ KHOS WR LGHQWLI\ EODFN VSRWV LQ WKH WXQQHO DQG WR
LPSOHPHQW ULVN UHGXFLQJPHDVXUHVDW VSHFLILF ORFDWLRQV VXFKDVDGHFUHDVHRI WKH VLJQDOL]HGYHORFLW\ LQ
SDUWVRIWKHWXQQHO

)LJ*UDSKLFDOUHSUHVHQWDWLRQRIWKHUHVXOWVLQWKHH[FHOWRRO75$16,7
&RQFOXVLRQV
$ VRXQGPHWKRGRORJ\ LV GHYHORSHG DQG SUHVHQWHG LQ WKLV SDSHU UHSUHVHQWLQJ WKH EHVW SUDFWLFH LQ WKH
ILHOGRIWUDIILFVDIHW\DVVHVVPHQWRIURDGWXQQHOVLQDFFRUGDQFHZLWKWKHEHVWSUDFWLFHLQWKHILHOGRIULVN
DVVHVVPHQW 7KH PHWKRGRORJ\ IDFLOLWDWH WKH ULVN EDVHG GHFLVLRQ PDNLQJ LQ UHJDUG WR ULVN UHGXFLQJ
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PHDVXUHGGXULQJWKHSODQQLQJDQGGXULQJWKHRSHUDWLRQRIWKHWXQQHO7KHPHWKRGRORJ\JLYHVFRPSDUDEOH
DQGUHSURGXFLEOHUHVXOWVDQGWKDWWKHUHVXOWVDUHLQGHSHQGHQWRQWKHSHUVRQSHUIRUPLQJWKHDQDO\VLV
7KH JHQHUDO DSSURDFK LQ WKLV SURMHFW GLIIHUV VLJQLILFDQWO\ IURP RWKHU PHWKRGRORJLHV IRU WKH ULVN
DVVHVVPHQW LQ URDGZD\ WXQQHOV %D\HVLDQ 3UREDELOLVWLF 1HWZRUNV %31 ZKLFK DUH XVHG WR PRGHO WKH
HYHQWVDUHDEHVWSUDFWLFHPHWKRGRORJ\LQWKHILHOGRIULVNDVVHVVPHQWDQGWKH\IDFLOLWDWHWKHDVVHVVPHQW
DFFRUGLQJWRUHFHQWVFLHQWLILFVWDQGDUGV75$16,7UHSUHVHQWVWKHWXQQHOV\VWHPLQDJHQHULFPDQQHULH
ULVNV DUH DVVHVVHG LQ VHJPHQWV ZKLFK DUH GHILQHG DV D IXQFWLRQ RI WXQQHO DQG WUDIILF FKDUDFWHULVWLFV
75$16,7IDFLOLWDWHVWKHULVNDVVHVVPHQWRQGLIIHUHQWOHYHOVRIGHWDLO,IRQO\DIHZGHWDLOVRQWKHWXQQHO
DQG WUDIILF FKDUDFWHULVWLFV DUH NQRZQ WKH DQDO\VLV FDQ VWLOO EH SHUIRUPHG0LVVLQJ LQIRUPDWLRQ RQ ULVN
LQGLFDWRUVLVUHSODFHGE\DSULRULGLVWULEXWLRQV,IPRUHVSHFLILFLQIRUPDWLRQLVDYDLODEOHWKHOHYHORIGHWDLO
RIWKHDQDO\VLVFDQEHLQFUHDVHG
7KHFDXVDOUHODWLRQVLQWKH%31DUHPRGHOHGE\XVLQJSK\VLFDODQGSKHQRPHQRORJLFDOPRGHOVEDVHGRQ
VFLHQWLILFILQGLQJVDQGRQH[SHUWMXGJPHQW
75$16,7KDV DOUHDG\ UHDFKHG D OHYHO RI GHWDLO RI WKH DQDO\VHV DQGGHJUHHRIPDWXULW\ZKHUH LW FDQ
PRGHOPRVWRIWKHDVSHFWVUHTXLUHGIRUQRUPDOSUDFWLFHIRUULVNDQDO\VHVRIWXQQHOULVN
7KHGDWDXVHGWRFDOFXODWHWKHEDVLFULVNDUHKRZHYHU LQWKHPDMRULW\1RUZHJLDQGDWDVXSSOHPHQWHG
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WKDWWKHGDWDEDVHVKDOOEHUHJXODUO\XSGDWHGWDNLQJQHZDYDLODEOHGDWDLQWRDFFRXQW7KLVLVDVVXPHGWR
WDNHSODFHHYHU\DSSUR[LPDWHO\\HDUVRUOHVV
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IOH[LELOLW\LVRQHRIWKHPDMRUVWUHQJWKRI75$16,7
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